An erosion test was conducted to compare the erosion rates of SUS304 and SUS316 stainless steels by molten Sn-3Ag-0.5Cu (mass%) lead-free solder. Stainless steels attached with polyvinyl chloride were used to accelerate the occurrence of erosion by destruction of the passivity of stainless steel and to shorten the incubation period of the occurrence of erosion. The average erosion rate of SUS304 steel is approximately 20% faster than that of SUS316 steel, whereas the maximum erosion depth evaluated by extreme value analysis does not depend on steel type. From microstructural observation of erosion interfaces, it was found that Fe-Cr-Sn and Fe-Cr-Mo-Sn layers form at the erosion interfaces of SUS304 and SUS316 steels, respectively.
Introduction
Although lead-free soldering has spread to many electronic instruments, there are still several problems which have to be settled. One of these problems is the erosion of stainless steel by molten lead-free solder in flow soldering. [1] Although the mechanism of this erosion has not yet been clarified, the erosion process seems to consist of two processes; the destruction of the passivity of stainless steel and dissolution of stainless steel into the molten solder.
Destruction of passivity strongly depends on various conditions such as the chemical composition and microstructure of stainless steel, properties of passivity, and so on.
Since the incubation period of the occurrence of erosion changes depending on such conditions, its evaluation becomes difficult. [2] We have developed a new method using polyvinyl chloride to accelerate the occurrence of stainless steel erosion by the molten lead-free solder. [3] Since polyvinyl chloride has a strong flux function, stainless steel attached with polyvinyl chloride is easily attacked by the molten lead-free solder. Moreover, the erosion behavior of polyvinyl chloride on stainless steel was confirmed to be similar to that of the flux used for soldering. Thus, using polyvinyl chloride can shorten the incubation period until the occurrence of erosion of stainless steel.
In this study, an erosion test was conducted to compare the erosion rates of SUS304 and SUS316 stainless steels by molten Sn-3Ag-0.5Cu (mass%) lead-free solder. In addition, microstructural observation of the erosion interfaces was conducted using an electron probe X-ray microanalyzer (EPMA).
Experimental
SUS304 steel samples 85 × 8 × 2 mm and SUS316 steel samples 105 × 8 × 2 mm were prepared for the erosion test. Table 1 shows the chemical compositions of the stainless steels used in this study. Polyvinyl chloride powder (Wako, n: about 1100) was prepared. The average diame- hours were evaluated for each specimen using time series
analysis.
An extreme value analysis was also conducted. Except for the SUS304 specimen immersed for 50 hours, an area approximately 8 × 33 mm on each side was divided into ten sub-areas and the maximum erosion depth in each subarea was investigated. Since the area at which erosion occurred was relatively small in the SUS304 specimen immersed for 50 hours, the extreme value analysis was conducted for an 8 × 20 mm area on each side. For the extreme value analysis, the erosion area needs to be equally divided and each divided area has to include erosion points. Thus, the analysis area in the SUS304 specimen immersed for 50 hours was smaller than that of any other specimen. This difference in the analysis area could negligibly affect the analysis results. The extreme value analysis was conducted on both sides of each stainless steel sample, and thus twenty data points were obtained for each test condition.
An additional immersion of 2 hours was conducted for specimens after the immersion test of 300 hours in order to attach the solder to the surface of stainless steel. For these specimens, a microstructural observation of the erosion interfaces was conducted using an EPMA.
Results and Discussion

Erosion test results
Figures 2 and 3 show general views of the SUS304 and SUS316 stainless steel specimens after the erosion test.
After immersion of 50 hours, the occurrence of erosion was observed in both steels. The erosion area spreads with areas. In the extreme value analysis, the analyzed area as shown in Fig. 4 was evenly divided into ten sub-areas.
Each sub-area was repeatedly analyzed using color mapping until the maximum erosion depth was recognized in the area. steel is very close to that of SUS316 steel. Therefore, it was found that the maximum erosion depth does not depend on steel type under the conditions investigated.
In this study, polyvinyl chloride was attached to the surface of the stainless steel to accelerate the occurrence of Fig. 7(b) . However, the effect of Mo on the formation of the reaction layer has not
Microstructures of erosion interfaces
been clarified yet, and thus further study is required.
In this study, the average erosion rate is slower when the reaction layer is thicker. For erosion to proceed, elements of stainless steel should diffuse through the reaction layer formed at the erosion interface and be dissolved into the molten solder. As shown in Fig. 5 , the average erosion depth is in proportion to the square root of immersion time. When such a relation holds, the erosion process is mainly controlled by volume diffusion. Therefore, the progress of the erosion of stainless steel would be mainly controlled by the volume diffusion of elements of stainless steel in the reaction layer. The thicker reaction layer delays the erosion of stainless steel, and thus the average erosion rate of SUS316 is slower than that of SUS304. However, the maximum erosion depth evaluated by extreme value analysis does not depend on steel type as shown in Fig. 6 . The erosion of stainless steel does not proceed uniformly as shown in Fig. 4 . Thus, a negligible difference by steel type is observed in maximum erosion depth.
Conclusion
In this study, an erosion test was conducted to compare the erosion rates of SUS304 and SUS316 stainless steels by molten Sn-3Ag-0.5Cu lead-free solder. The results obtained are as follows.
(1) The average erosion rate of SUS304 steel is faster than that of SUS316 steel.
(2) The maximum erosion depth evaluated by extreme value analysis does not depend on steel type. 
